The Oldman River in southern Alberta is a mainstem river used extensively by aquatic life, for community drinking water, irrigation water, recreation, and livestock watering. Therefore, maintaining the water quality of this important river is critical for watershed health. We collected water samples weekly from three locations on the middle reach of the The aquatic life, community, irrigation, and livestock water quality guidelines at the three sites were most frequently exceeded by Cu (27-48%), Al (3.3-57%), Co (18-26%), and Al (2.3%), respectively. Concentrations of certain trace elements were highest in the spring or during years of above average precipitation, and were likely associated with increased loads of suspended sediments during high fl ow conditions. Turbidity, water temperature, electrical conductivity, river level, and precipitation generally had a positive effect, and pH had a negative effect on certain trace element concentrations.
Introduction
The Oldman River Basin covers approximately three million hectares in southern Alberta (Oldman Watershed Council 2005) . It extends eastward from the forested slopes of the Rocky Mountains, through the rangelands of the foothills and the dryland and irrigated plains, to the prairie grassland. The basin is classifi ed as semi-arid, with total precipitation ranging from 300 to 450 mm per year.
The Oldman River is fed by a number of rivers, streams, and irrigation return fl ows as it fl ows from the eastern slopes of the Rocky Mountains to its confl uence with the Bow River, forming the South Saskatchewan River. The Oldman River is a relatively large river and long term average fl ows in the middle reach at Lethbridge range from 20 to 400 m 3 s -1 (Alberta Environment 2010a). Three rivers (Oldman, Castle, Crowsnest) form the western headwaters of the Oldman River, and the Oldman or Three Rivers Dam is located at the confl uence of these three rivers. Near the city of Lethbridge, three additional rivers (St. Mary, Waterton, Belly) fl ow into the Oldman River. The bottom sediments of the Oldman River are derived from glacial debris and are generally very coarse with mainly gravel, cobbles, and boulders with little fi ne-grained material (Blachford and Ongley 1984) . Suspended sediment in the Oldman River is dominated by sand, silt, and clay material with a minor component of organic material. Silt and clay dominate during high fl ows in the spring (Blachford and Ongley 1984) . In addition to natural watercourses, an extensive network of storage reservoirs, canals, and pipelines deliver water to irrigate a diverse range of crops and support communities, industry, recreation, and wildlife habitat throughout the region.
Protecting water quality in the Oldman River is critical since the river water is used for protection of aquatic life, municipal drinking water, irrigation of crops, recreational use, and livestock watering. The quality of surface water in the western or forested portion of the Oldman Basin is very good, and water quality in the Oldman River and its tributaries generally deteriorates downstream in the plains region due to increased human activity (Saffran 2005) . Surface water quality in the Oldman Basin is infl uenced by point sources (municipal or industrial effl uent), non-point sources (runoff from rural or urban landscape), and water quantity (Saffran 2005) . Intensive agricultural practices such as irrigation and intensive livestock operations are also common in the middle and lower reaches of the Oldman Basin.
Trace elements in rivers may originate from natural (soils, plants, geologic weathering, geothermal, and volcanic activity) and anthropogenic (industry, mining, municipal wastes, agriculture, and dump leachate) sources (Gaillardet et al. 2005) . The latter authors noted that the origin of trace elements in river waters can be very diverse, and identifying the sources and quantifying the proportion of elements derived from each of these sources is diffi cult. They also point out that behaviour of trace elements in aquatic systems not only depends on the sources but it also strongly controlled by the soil and in-stream processes, particularly through aqueous complexation and reactions with solids.
Few studies have been conducted on the trace element chemistry of the Oldman River of Alberta (Blachford and Ongley 1984; Saffran 2005; Hebben 2007 ). Blachford and Ongley (1984) reported that concentrations of ten trace elements (Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Zn) in the Oldman River during 1980 and 1981 were associated with suspended sediments, particularly with fi ne silt and clay material during high fl ows in the spring. They also found that aquatic plants (macrophytes and algae) were a major sink (uptake) and source (decay) of trace elements in the river. Saffran (2005) conducted a synoptic survey of the Oldman River mainstem, tributaries, wastewater treatment plants, and irrigation return fl ows for 18 trace elements in 1998. They found that eight of the elements measured occasionally exceeded aquatic life guidelines, with total Al most commonly exceeding the guideline. Concentrations of elements were also higher in effl uents and tributaries than the mainstem river and guidelines were most frequently exceeded in the effl uents. Hebben (2007) The objective of this study was to determine the concentrations of selected trace elements at three locations on the Oldman River, determine the frequency of these elements exceeding the water quality guidelines, examine the infl uence of season and year on trace elements, and determine the infl uence of physical and chemical background variables on trace element concentrations.
Materials and Methods
Water samples were collected at three sites on the middle reach of the Oldman River in southern Alberta, Canada. One site was a municipal intake in the river (Site 1), the second site was a municipal intake in the river bottom sediment (Site 2), and the third site was taken directly from the river along the bank (Site 3) close to Site 2 to allow comparison of water from the river sediment versus water taken directly from river. Site 1 was at the Lethbridge MWTP, (49º41'07.88"N, 112º51'08.94"W), Site 2 was at the Fort MacLeod MWTP (49º44'19.51"N, 113º23'23.03"W) , and Site 3 was a river bank sampling location approximately 1 km downstream of the Fort MacLeod water treatment plant (Fig. 1) . The geology at Site 1 is fi ne Pleistocene and Holocene fl uvial sediment consisting of fi ne sand, silt and clay, and minor gravel beds (Shetsen 1987) . The geology at Sites 2 and 3 is coarse Pleistocene and Holocene fl uvial sediment consisting of gravel and sand with minor silt beds.
River water samples at Site 1 were collected from the raw or untreated water intake pipe inside the Lethbridge MWTP. The intake pipe at Lethbridge is located just downstream of the weir, which is located just upstream of the MWTP. The intake pipe is constructed of concrete with a metal screen and the intake fl ow rate is 609 L s -1 . River water samples at Site 2 were taken from the raw or untreated water intake pipe (metal) inside the Fort MacLeod MWTP which is located on the eastern edge of the town. The intake for the pipe at Site 2 is 3.0 m below the bottom of the river in the underlying gravel deposits, and the intake fl ow rate was 90 L s -1 . Water samples at Sites 1 and 2 were collected by fi lling a one litre container with water at the raw water intake inside the MWTP. Water samples at Site 3 were collected from the river bank by dipping a one litre sampling container on a pole into the top 30 cm of the water column near the shore of the river. We assumed no contamination occurred from the intake pipes at Sites 1 and 2 because of the high intake fl ow rates and short contact time of water within the pipe. The one litre samples were stored in plastic containers on ice in coolers and transported to the laboratory on the same day. In the laboratory, 250 mL subsamples of the one litre samples were transferred to high-density polyethylene containers and the pH lowered to less than 2 using 1:1 nitric acid, and then the samples were stored at 4ºC for up to four months prior to analyses.
Acid-extractable or total (unfi ltered) elements in the water samples were determined using the nitric acid digestion method (Method 3030E; APHA et al. 1998) and analysis was done by inductively coupled plasmaoptical emission spectrometry with axially viewed plasma (Spectro Analytical Instruments, Kleve, Germany). Water samples were analyzed for selected trace elements (Al, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Zn) . Concentrations less than the detection limit were converted to the minimum detection limit value. Concentrations of trace elements were compared to Canadian water quality guidelines for protection of aquatic life, community drinking water, irrigation water, and livestock watering (CCME 2002). The exception was Cu, where water quality guidelines for protection of aquatic life in Alberta were used (Alberta Environment 1999) . Canadian water quality guidelines (CCME 2002) are meant to be applied to total metal concentrations (Oldman Watershed Council 2005) .
Selected chemical (pH, temperature, electrical conductivity [EC], dissolved oxygen [DO], water hardness) and physical variables (turbidity, water level or stage height, river fl ow) were obtained from the Lethbridge MWTP (Site 1). At Site 2, turbidity and pH were obtained from the MWTP, and EC and DO were measured in our laboratory. At Site 3, turbidity, pH, EC and DO were measured in our laboratory. The pH and EC were measured using a portable water quality meter and associated probes (MultiLine P4, WissenschaftlichTechnische, Werkstätten, Germany). Turbidity was measured using the nephelometric method (NTU) (APHA et al. 1998 ) with a portable turbidity meter (Hach Model 2100P, Loveland, Colo.). Monthly and yearly precipitation was obtained from the weather station at the Lethbridge Airport. No data were available for Fort MacLeod.
The effect of season and year on water quality variables was conducted using a MIXED model analysis in SAS, and differences were considered signifi cant at P ≤ 0.05 (SAS Institute Inc. 2005) . Statistical analysis was conducted on the untransformed data because log transformation did not normalize the sample distribution and make the variances homogeneous, and this was attributed to many samples having concentrations less than the detection limit.
Results and Discussion

Selected Physical and Chemical Background Variables
Mean turbidity was highest at Site 3 (84.6 NTU), followed by Site 1 (37.1 NTU), and then Site 2 (1.3 NTU) ( Table 1 ). The lower turbidity at Site 2 was likely due to the fi ltering effect of the river bottom sediment on water entering the intake pipe. Mean pH and DO values were highest at Site 1, followed by Site 2, and then Site 3. Mean EC was highest at Site 1, followed by Site 2, and then Site 3.
At Site 1, mean turbidity, river water level, and river fl ow were signifi cantly greater in the spring than the other seasons (Table 2) . River fl ows at Site 1 ranged from 18.1 to 98.3 m 3 s -1 (Table 1) . River water level and fl ow were not measured at Sites 2 and 3. Long-term average river fl ows at Fort MacLeod (Sites 2 and 3) range from about 10 m 3 s -1 in August and September to between 100 and 200 m 3 s -1 in June (Alberta Environment 2010b). Mean pH at Site 1 was greater in the spring and summer, water temperature was greater in the summer, and EC, DO, and water hardness were greater in the winter than other seasons (Table 2) .
At Site 2, mean turbidity, pH, EC, and DO were unaffected by season (Table 2) . At Site 3, EC was greater in the winter than spring and summer, and DO was greater in the fall and winter. Turbidity and pH were not affected by season at Sites 2 and 3, and similar turbidity was likely due to the high standard errors in the spring. However, the non-signifi cant trend was for greater turbidity in the spring. (Table 2 ). Turbidity and pH were not affected by year at all three sites, and temperature was similar among years at Site 1. The non-signifi cant trend at the three sites was for greater turbidity in 2005 than the other years.
Trace Element Concentrations
At Sites 1 and 3, Fe concentrations were the highest, followed by Al, and then Mn (Table 3) . At Site 2, Al concentrations were the highest, followed by Fe, and then Cu. Aluminum and Fe concentrations in the Oldman River at the three sites were three orders of magnitude greater than the other trace elements (Table  3) , and this trend refl ects the greater concentrations of Al and Fe found in uncontaminated soils (Bowen 1979) . Greater Fe and Mn concentrations at Site 2 compared to the other sites may have been due to the Mn and Fe oxide coatings on the sand and gravel in the river sediment. Saffran (2005) reported that total Al concentrations were the highest in the Oldman River, followed by dissolved Bo, and then dissolved Fe. Hebben (2007) found that dissolved forms of Al, Fe, and Mn were higher in the Oldman River compared to As, Bo, and Se.
Mean concentrations of trace elements at Sites 1 and 3 were compared to examine whether concentrations increased or decreased downstream in the river (Table  3) . Concentrations of three trace elements (Cu, Mn, Zn) increased downstream, six trace elements (Fe, Cd, Co, Cr, Mo, Ni) decreased downstream, and Al showed little change. Increasing concentrations downstream generally refl ect increasing cumulative additions from tributaries and irrigation return fl ows (Blachford and Ongley 1984) . Decreasing concentrations downstream may refl ect trace elements being lost from the river (i.e. sinks) by adsorption onto solids (Gaillardet et al. 2005) or by uptake by macrophytes and algae (Blachford and Ongley 1984) .
Mean concentrations of most (except Cu, Mo, Pb, and Zn) trace elements were generally greater at the river bank sampling location at Site 3 compared to the intake pipe in the river sediment at nearby Site 2 ( Table 3 ), suggesting that the river sediments acted as a fi lter and reduced concentrations of most trace elements. This was consistent with the considerably lower turbidity values at Site 2 (0-18.0 NTU) compared to Site 3 (0.2-600 NTU) ( Table 2) .
Trace Element Concentrations in Relation to Water Quality Guidelines
Copper exceeded the aquatic life guideline the most frequently (27-48%) at the three sites, followed by Fe (3.3-36%) and then Zn (0-5.3%) ( Table 4) . We used the Cu chronic toxicity guideline of 7 μg L -1 for Alberta, and acute toxicity is dependent on water hardness (Alberta Environment 1999). In comparison, Saffran (2005) reported that Al exceeded the aquatic life guidelines the most frequently in the Oldman River. However, our detection limit for Al was greater than the water quality guideline so the frequency of Al exceeding the guideline could not be determined. Saffran (2005) reported that total Cu exceeded the Alberta surface water guideline for aquatic life in 23% of samples at the Taber waste water treatment plant, and was comparable to our exceedances. Copper is toxic to fi sh, aquatic invertebrates, and microbes (bacteria, algae), and biotic sensitivity of fi sh and aquatic invertebrates depends on their surface area to volume, respiratory rates, and fl ow rates over gill surfaces (Flemming and Trevors 1989) .
Aluminum (3.3-57%) exceeded the community water guidelines for human drinking water the most frequently at the three sites, followed by Fe (3.3-36%), and then Mn (0-16%) ( Table 4 ). The majority (57%) of samples at Site 1 exceeded the community water guidelines, which is a potential concern. Aluminum is generally of low toxicity to humans for acute exposure, but chronic exposure to high levels can lead to a wide range of toxic effects in humans (Health Canada 2010).
Cobalt (18-26%) exceeded the irrigation water quality guideline the most frequently at the three sites (Table 4) . Irrigation water guidelines are intended to protect even the most sensitive crop species from potential harmful effects from contaminants in irrigation water (CCME 2002) . Trace elements at all sites generally did not exceed the livestock water guideline (Table 4 ). The one exception was at Site 1, where only 2.3% of samples exceeded the guideline.
Site 1 generally had the most exceedances, followed by Site 3, and then Site 2 (Table 4 ). This trend was consistent with Site 1 located furthest downstream. Few exceedances at Site 2 were likely due to the intake pipe being in the river sediments and the fi ltering infl uence on water quality.
Seasonal and Yearly Infl uence on Trace Elements
At Site 1, season had a signifi cant (P ≤ 0.05) infl uence on all ten trace elements with the exception of Cu, Ni, and Zn (Table 5) . Aluminum, Fe, Cr, and Mn were generally greater in the spring than the other three seasons at Site 1. In contrast, Cd, Co, and molybdenum were greater in the summer and fall than the spring and winter. At Site 2, season had a signifi cant infl uence on only two (Co, Mo) of the ten trace elements. Cobalt was greater in the summer and fall than the spring and winter, and Mo was greater in the summer than the spring or winter. Season had no signifi cant infl uence on trace element concentrations at Site 3.
Manganese, iron, and those elements with similar chemistry appear to be the most susceptible to temporal variations in rivers (Gaillardet et al. 2005 ). Blachford and Ongley (1984) reported that total metal concentrations in the Oldman River were ten times greater in the spring than in any other season. They attributed this trend to increased sediment concentration and a larger component of fi ne-grained clay material during the high river fl ows in the spring. During the spring, sediment loads in prairie rivers are dominated by a variety of diffuse sources such as erosion from soils, bank erosion and collapse of coulee walls, and remobilization of fl oodplain deposits (Blachford and Ongley 1984; Joseph and Ongley 1986) . Blachford and Ongley (1984) attributed high concentrations of trace elements in the Oldman River during the spring to these diffuse sources of sediment. Hudson (1989) reported that suspended sediment loads in the upper Oldman River (prior to construction of the Oldman Dam) were largely transported in a period of days during the spring freshet, and the majority of this silt and clay material was derived from channel and near channel (riparian) sources from a short reach of the river in the fi ner-textured lacustrine deposits of the Cardston Plain. The Castle River bisects the middle of the Cardston plain from north to south, and the Cardston Plain lies just west of the town of Brocket. The Oldman Dam has likely reduced natural fl ows of suspended sediment during high fl ow conditions in the spring. Suspended sediments settle out in reservoirs, resulting in sediment depletion in tail water released from dams (Kondolf 1997) .
At Site 1, year had a signifi cant infl uence on all ten trace elements except for chromium, and values were greater in the wet year of 2005 compared to drier years of 2004 and 2006 (Table 5) . At Sites 2 and 3, year had a signifi cant infl uence on four elements (Cd, Co, Mo, Ni) where values were greatest in 2005. Since most trace elements in the Oldman River are associated with suspended sediment (Blachford and Ongley 1984) , and sediment loads vary from year to year depending on precipitation and river fl ows, it is not surprising that trace element concentrations are highest in years of higher precipitation and river fl ow. Climate was found to have a major infl uence on water quality of rivers in southern Alberta (Little 2001; Oldman Watershed Council 2005) . River water quality was better in drier years with less runoff of contaminants and it was poorer in wetter years with greater runoff to mobilize contaminants.
Annual precipitation at Lethbridge was close (103%) to the long term normal (397.6 mm) in 2004. It was considerably wetter (162%) than normal in 2005, and it was slightly drier (83%) than normal in 2006. Monthly precipitation in 2004 was 243% of normal in October, and 210% of normal in May. Monthly precipitation in 2005 was 405% of normal in June and 310% of normal in September. Surface runoff of sediment and bank slumping would be considerably greater in years of greater precipitation. Sediment concentrations tend to be higher at the beginning of the snowmelt or rainfall season when there is more erodible material on catchment surfaces, and subsequent runoff events carry less and less sediment over the runoff season (Gordon et al. 2004 ). In addition, bank erosion commonly results from slumping of saturated soils and is usually associated with fl ood fl ows.
Factors Affecting Trace Elements
At Site 1, water temperature and river fl ow had a positive effect and pH had a negative effect on Al (Table 6 ). Water temperature, EC, and river fl ow had a positive effect, and pH had a negative effect on Fe. EC and river level had a positive effect, and river fl ow had a negative effect on Cd and Co concentrations. EC and river level had a positive effect, and pH and river fl ow had a negative effect on Cu. Turbidity, water temperature, river fl ow, and 5-day antecedent precipitation had a positive effect and pH had a negative effect on Mn concentration. Electrical conductivity and river level had a positive effect and pH had a negative effect on Ni. Turbidity, EC, and river fl ow had a positive effect on Zn concentrations.
At Site 2, turbidity had a positive effect on Fe concentration. Turbidity and EC had a positive effect, and pH had a negative effect on Co, Cd, Mo, and Ni at Site 2. At Site 3, turbidity had a positive effect on Al. Turbidity had a positive effect and EC had a negative effect on Fe at Site 3. The pH had a negative effect on Cd, Co, Cu, Mo, and Ni at Site 3.
Overall, turbidity, water temperature, EC, river level, and precipitation generally had a positive effect, and pH had a negative effect on certain trace element concentrations. In contrast, river fl ow had a positive or negative effect on certain trace elements. The pH of the water had the most frequent effect on certain trace elements, followed by EC and turbidity. A positive relationship between turbidity, river level, precipitation and concentrations of certain trace elements was consistent with greater concentrations in the spring or during wet years when suspended sediment and turbidity are highest. Turbidity was signifi cantly greater in the spring than the other three seasons at Site 1, and although not signifi cant, it was greater in the spring at Sites 2 and 3. There was also a non-signifi cant trend of greater turbidity in the wet year of 2005 compared to the other years. Since EC is directly related to total dissolved solids (Bohn et al. 1979) , and trace elements in the Oldman River are dominantly associated with suspended sediments, it is not surprising that EC has a positive infl uence on certain trace elements. Our fi nding that pH had a negative effect on cationic trace metals (Fe, Cu, Mn, Ni, Co, Cd) was consistent with greater solubility of the cationic metals at lower pH values (Pierzynski et al. 2005) . In contrast, our fi nding that pH had a negative effect on Mo concentration at Sites 2 and 3 was in contrast to others who reported greater solubility of oxyanions at higher pH values (Pierzynski et al. 2005) . However, the latter authors did note that pH effects on solubility of oxyanions can be variable.
Possible Sources of Trace Elements in Oldman River
Trace elements in the Oldman River may originate from natural or anthropogenic sources. Since trace elements are associated mainly with the suspended sediment loads, particularly during high fl ow conditions in the spring (Blachford and Ongley 1984) , trace elements in the river were likely transported from elsewhere. Possible sources of this suspended sediment are bank and riparian zone erosion, and diffuse sources of eroding sediment from surface runoff from foothill and prairie surfaces (Blachford and Ongley 1984; Hudson 1989) . Although the Oldman River bank material contains background concentrations of trace elements, bank erosion can produce large quantity of sediment in a river water sample, resulting in high concentrations of trace elements (Blachford and Ongley 1984) . Trace elements in the Oldman River may also have originated from wet and dry deposition from the atmosphere. Long-range transport of trace elements can occur in the form of wind-blown particles, fi ne volcanic products, sea salts, ash from forest fi res, and biogenic aerosols (Rasmussen 1996; Gaillardet et al. 2005) . Forest fi res occur in the forested region west of the Oldman River basin and the prevailing westerly winds could deposit trace elements in this basin.
Trace elements may also originate from anthropogenic sources such as heavy industry, mining, municipal wastes, agriculture, and dump leachate (Gaillardet et al. 2005 ). There is little or no metal industry or mining activities in the Oldman River Basin, so it is unlikely that these are potential sources of trace elements. Municipal wastewater treatment plants on the Oldman River may be a potential source of trace elements, and these plants are located at Fort MacLeod, Coalhurst (between Fort MacLeod and Lethbridge), and Lethbridge. Saffran (2005) reported that concentrations of certain trace elements in the Oldman River were higher in the effl uent from the wastewater treatment plants compared to the mainstem river and tributaries. Municipal biosolids are applied to agricultural land in the Oldman Basin and could also be a potential source of trace elements. Biosolids cannot be applied to land within 30 m of surface waters (rivers, lakes, sloughs, dugouts, etc.) if surface applied and not within 10 m if subsurface injected (Alberta Environment 2001). However, surface runoff from land applied with biosolids may still reach surface waters. Sheppard et al. (2009) reported that biosolids were a potential source of trace elements in Canadian soils. They assumed that all biosolids produced in urban centers with populations greater than 10,000 people were spread to land at least 10 km from the urban center but not more than 100 km. Agricultural practices such as fertilizer and manure application to cropland are common in the Oldman River basin, and are possible sources of trace elements.
Trace elements are common ingredients or impurities in inorganic fertilizers and pesticides (KabataPendias and Adriano 1995). There is a large concentrated livestock feeding industry in the Oldman River Basin. Since trace elements are commonly added to animal feeds, manure application to cropland can increase concentrations of certain trace elements (Bolan et al. 2004; Sheppard et al. 2009 ). For example, long-term annual applications of beef feedlot manure to soils in the Oldman Basin at Lethbridge signifi cantly increased Cd and Zn concentrations in the soil compared to background levels (Chang et al. 1991; Benke et al. 2008) . Although irrigation return fl ow may be a possible source of trace elements in rivers, return fl ows in southern Alberta were not enriched in trace elements compared to background levels in water entering the watershed or the receiving waters (Joseph and Ongley 1986; Greenlee et al. 2000) . Sheppard et al. (2009) reported that the most likely sources of As, Cd, Cu, Pb, Se, and Zn in Canadian soils were from the atmosphere, fertilizers, manures, and municipal biosolids. Further detailed study would be required to determine the exact sources of trace elements in the Oldman River, and is beyond the scope of our study.
Conclusions
The majority of water samples taken from three locations on the Oldman River had detectable concentrations of trace elements. The exceptions were Pb, which was below the detection limit of 9.14 μg L -1 at all three sites, Cr at Site 2 (< 0.930 μg L ). The aquatic life, community, irrigation, and livestock water quality guidelines were most frequently exceeded by Cu (27-48%), Al (3.3-57%), Co (18-26%), and Al (2.3%), respectively. Fewer exceedances at Site 2 than at Site 3 were likely due to the fi ltering infl uence of the intake pipe in the river sediment at Site 2. At Site 1, Al, Fe, Cr, and Mn were signifi cantly greater in the spring when river water levels, fl ow, and turbidity were highest, and Cd, Co, and Mo were greater in the summer and fall. At Site 2, Co was greater in the summer and fall, and Mo was greater in the summer than the other seasons. There was no seasonal infl uence on any trace elements at Site 3. All trace elements at Site 1 (except Cr), and four elements (Cd, Co, Mo, Ni) at Site 2, were signifi cantly greater in the wetter year of 2005 than the normal year of 2004 and drier-than-normal year of 2006. Five elements at Site 3 (Cd, Co, Cu, Mo, Ni) were greater in 2005 than 2006. Turbidity, water temperature, EC, river level, and precipitation generally had a positive effect, and pH had a negative effect on trace element concentrations. In contrast, river fl ow had a positive or negative effect on certain trace elements. Overall, most trace elements exceeded the water quality guidelines in less than 50% of samples, indicating that these trace elements were generally not a concern in the majority of samples. In addition, concentrations of certain trace elements were highest in the spring or during years of above average precipitation, and were likely associated with increased loads of suspended sediments during high fl ow conditions. Further research would be required to confi rm the possible sources of these trace elements in the Oldman River.
